Aquaculture has been the world's fastest growing food production technology in recent decades, and continued growth in aquaculture production is predicted. While creating economic opportunity, aquaculture is also a new way of using eco-systems, and there is substantial evidence that aquaculture creates negative environmental externalities. Although the most effective way to address these externalities may be improved governance, this approach is often difficult because most aquaculture production takes place in developing countries with limited management capacity. The fact that a large part of aquaculture production is traded motivates substantial interest in the use of trade measures to reduce environmental impacts. However, the wide variety of species, production practices, and governance systems present in aquaculture makes it unlikely that general trade measures will achieve environmental objectives. Rather, there is a real risk that trade measures will reduce economic opportunity, raise new equity concerns, and impinge on public health with little or no environmental impact.
Introduction
During the last 30 years, the world´s seafood markets have changed profoundly [1] .
Improved logistics, freezing and preserving technologies, and distribution as well as lower transportation costs have created global markets for a number of species, whereas previously regional or local markets dominated the seafood trade [2] . As a result, seafood is among the most traded groups of food products [3, 4] . In 2010, 39% of the seafood production was traded and an estimated 77% of production was exposed to trade competition [5] . In addition, aquaculture has substantially changed how a large share of global seafood is being produced.
In 1970, most seafood was harvested from wild stocks in capture fisheries, and aquaculture made up just 3% of total production. By 2014, aquaculture appeared to surpass capture fisheries as the larger source of seafood for human consumption, although overall wild harvests remain larger due to non-food uses such as reduction for fishmeal [6] . The rise of aquaculture is attributed to a massive increase in productivity-knowledge and techniques from agriculture were employed to gain control of the production process [7] [8]-paired with substantial growth in global seafood demand [9] . Nations and fish farmers have exploited this opportunity to meet protein needs and serve an ever growing global seafood market. Global aquaculture production increased from about 4 million metric tons in 1970 to 66.6 million metric tons in 2012. Forecasts of future aquaculture indicate a substantial increase in production in the coming decades [10] . However, aquaculture is also a new way of interacting with the environment, and with a potential to cause substantial environmental damage and social conflicts as it displaces other activities directly or indirectly due to the environmental damage [11, 12] .
Given projections for substantial growth in the aquaculture sector and the significant international trade presence, the purpose of this paper is to examine the future opportunities and challenges for aquaculture production and trade with implications for trade policy. Since seafood is considered an industrial product, not included as part of agricultural production with other foods, trade policy discussions regarding seafood have differed dramatically over the years from trade policy in other food products [13] . However, like the agricultural sector, trade barriers have existed particularly in the areas of non-tariff barriers and technical barriers to trade, in part due to perceived unfair subsidization, food safety, and environmental concerns associated with aquaculture production. In this paper it is argued that aquaculture involves two distinct types of environmental externalities that differ from food safety externalities associated with international trade in seafood: local externalities such as impacts on water quality near production facilities, and global externalities such as impacts on marine biodiversity. Failure to distinguish these types of externalities could compromise both effectiveness and fairness in trade policy. It is also argued that trade policies must avoid unrealistic conceptualization of the seafood trade as a vector of bilateral relationships and instead acknowledge the nuanced multilateral nature of seafood production, processing, and trade.
The remainder of the paper first provides background on the growth in aquaculture globally and its trade. Next the paper reviews the opportunities presented by aquaculture followed by the challenges (including food safety and environmental challenges), placing both in the framework of international trade and trade policy. The paper concludes with a review of possible trade policy changes that would address both opportunities and challenges faced by the aquaculture industry and communities dependent upon aquaculture. Figure 1 shows the substantial increase in aquaculture production over the last 30 years. The World Bank forecasts aquaculture production of 93.6 million metric tons in 2030 (a 50% increase over 2011) with estimates ranging from 90.7 million to 116.2 million metric tons [10] . Forecasts are of an average annual growth rate of roughly 2.5%, lower than in previous decades, but likely to maintain aquaculture´s position as the fastest growing food production technology globally. The variability in projections from 90.7 million to 116.2 million metric tons reflects significant uncertainty stemming from a variety of factors, including projected growth in demand due to rising incomes in developing countries [9] . The World Bank's preferred estimate of 93.6 million metric tons suggests a much larger upside than downside potential.
Opportunities in production, innovation, and trade
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Source: [6] Increased aquaculture production is in itself an indication that, in aggregate, production is profitable for fish farming companies, as profitability is the market's signal that a producer is competitive. Thus, aquaculture is an economic opportunity that provides income and improves lives for a number of people directly as producers or indirectly at other stages in the supply chain [3] . 1 Aquaculture production is also vastly heterogeneous from subsistence farmers to multinational companies [15, 16] , and the social, economic and environmental impact varies between production methods and with scale. 1 There are few studies documenting employment specifically in aquaculture. However, crises like the Chilean disease crises for salmon in [2007] [2008] [2009] [2010] [2011] [2012] show that a number of people have gotten jobs in the industry as many loose them during crises [14] . 2 There is also very limited data available on foreign direct investment (FDI) in aquaculture. However, it is important in some industries like Chilean salmon aquaculture [17] .
The farmed seafood industry has become increasingly export oriented, suggesting that aquaculture as a whole has continued to innovate. In other food-related value chains, an export orientation and innovation go hand-in-hand [18, 19] . For aquaculture, the combination of (i) the significant investments needed to start up production and (ii) limited domestic markets for products (due for example to purchasing power constraints in developing countries, but also potentially due to the size of domestic population and other factors) provide incentives for the industry to adopt a global and innovative outlook on marketing of seafood products. China undertook a massive expansion of aquaculture beginning in the 1970s that was driven by farmed carp for domestic consumption. But in the modern seafood landscape, China is also a large exporter of farmed fish destined for industrialized countries. In 2012, the United States alone imported 612 million USD worth of frozen farmed tilapia fillets from China. Although the Chinese population is large enough to consume massive aquaculture production, per capita incomes have not been high enough to prevent the production of newer, export-oriented of high value-products. As China becomes wealthier, this trend could change. Expansion of salmon farming in Norway was also exportoriented but for different reasons; per capita incomes in Norway could afford high-value products, but the domestic Norwegian population was simply too small to support a large salmon industry focused on domestic consumption.
Innovations driving globalization in general have specifically contributed to the international orientation of the seafood industry [2] . Transportation and logistics have improved significantly. Substantial reductions in transportation costs by surface and air has promoted the international trade of fresh seafood and new products. Improved logistics have also created economies of scale and scope on all levels of the supply chain, particularly in the retail sector where supermarkets have replaced fishmongers and markets in a number of places. Progress in storage and preservation have allowed a wider range of seafood products to be traded. Freezing technology has improved to such an extent in recent years that many product forms can be frozen twice, allowing products to be processed in locations with comparative advantage in processing fish rather than in locations close to where the fish is caught. Figure 2 illustrates the complex web of seafood production, trade, and processing in which there are many possible product paths, and each can be driven by comparative advantage in production, processing, and transportation as well as demand conditions in different countries. Lastly, the improved control in the production process in aquaculture has enabled producers to serve modern consumer tastes and to innovate further in the supply chains. Taken together, these innovations dramatically reduce costs of trading seafood internationally and increase the volume seafood that can fetch high prices in international markets.
Figure 2 here
Increased production and innovations tend to reinforce each other, even though the strength of each differs by market and species. An increasing number of markets have gone from regional to global and as more species from widely different places have become substitutes [20] . The share of the imports by developed countries -the European Union, Japan, and the US in particular -remains high. However, import demand from China and other developing countries is growing as income growth contributes to increased demand [9] . Asche et al. [1] shows there is a declining import share for developed countries despite growth in total values of seafood exports from developing to developed countries. In particular, the total real value of seafood exported has grown substantially over the past four decades from 23.7 billion USD in 1976 to 82.7 billion USD in 2009 [1] . At the same time, developing countries' share of seafood exports rose steadily from 36.5% in 1976 to 49.8% in 1994, after which it has remained stable at around 50%. Exports from developing countries have thus grown faster than the total increase in exports until the mid-1990s, and they have had a similar growth rate as those of developed countries after the mid-1990s.
Beyond rising incomes, growing evidence on the health benefits of seafood consumption suggests another channel for growth in seafood demand. Sudden cardiac arrest kills 330,000 people each year in the U.S. [21] . It has been estimated that if Americans increase their consumption of fish, which contain long-chain omega-3 fatty acids, the incidence of deaths from sudden cardiac arrest could decrease by 36% [22, 23] . The USDA recently changed its dietary recommendations, stating that people should eat eight ounces of seafood per week, especially marine oily-fish to provide an average daily consumption of 250 mg of EPA/DHA (Omega-3) per day [24] . However, of the top 10 species consumed in the U.S., only salmon provides the suggested amount of desired fats per 8 ounce serving [25, 26] . To address the effects of such recommendations, a recent study by the National Research Council proposes a framework to evaluate impacts on a larger food system [26] . In an illustrative case study the analysis shows that for people to meet the recommended seafood intake, a significant increase in seafood production, particularly those high in omega-3 and low in mercury, must occur. Given the data presented above on the relative growth of seafood from capture versus aquaculture and seafood tastes of U.S. consumers, this growth likely will need to be met by aquaculture.
Challenges for Aquaculture
Food safety and environmental issues are fundamentally different from each other in aquaculture despite the fact that they are often lumped together in discussions of trade. For food safety, when the producer or processor causes foodborne illness or seafood contains a contaminant, the consumer is the one who is harmed. For environmental issues, seafood consumers in some cases are not physically harmed and in other cases are only harmed indirectly in the sense that there is degradation of the global environment. Specifically, one can distinguish between two types of environmental externalities in aquaculture: local externalities and global externalities, recognizing that some issues do not fit perfectly into a single category. It is also possible to distinguish between externalities that harm the producer and ones that do not. This distinction is critical because it suggests cases in which producers have market incentives to address at least some environmental problems in the absence of regulation or trade policy.
Food safety and health issues
Aquaculture has received substantial attention for containing different additives, contaminants, and toxins. One such example is a study published by Hites et al. [27] , which initiated a controversy over the level of contaminants such as polychlorinated biphenyls (PCBs) found in farmed salmon relative to wild salmon. This study showed that a sample of farmed salmon contained significantly higher levels of PCBs than wild salmon, and that European-raised salmon were found to have significantly greater contaminant levels than those raised in North America, which were in turn higher than those raised in South America. Hites et al. [27] concluded that consumption of farmed Atlantic salmon may pose significant health risks from cancer and recommended that consumers limit their monthly consumption of farmed salmon to no more than 8 ounces. The media coverage of the study led to a substantial reduction of US imports of farmed salmon [28] . Comparing health benefits to risks of farmed salmon consumption suggests that the Hites et al. [27] recommendations might have harmed consumer health. For example, [22, 29, 30] all show that a reduction in fish consumption in the population would have adverse effects on human health. Willet [31] indicates that [27] , and consequent media coverage, failed to consider that the lifetime benefits from farmed salmon consumption are likely to be at least 100-fold greater than the estimates of harm. In that sense, the risks identified by [27] were misleading and not beneficial to human health. Hence, food safety issues related to aquaculture production must be weighed against the health risks and benefits of decreased (or failure to increase) seafood consumption.
More generally, health risks from seafood consumption, particularly for aquacultured seafood are varied. Some health issues stem from local water quality problems where fish and shellfish are grown, such as toxic algal blooms and their effect upon shellfish or Vibrio Vulnificus and its effects on finfish. These concerns have more to do with the type of seafood being produced or where it is produced than whether the food is farmed or wild caught. Other issues pertain to antibiotic or other theraputant residues, and potential use of unapproved theraputants. Many other seafood-borne illnesses result from processing, handling, inadequate refrigeration, and spoilage.
While there is no doubt that aquaculture products may lead to issues for food safety, this is something aquaculture products have in common with most other foods. Codex Alimentarius sets globally agreed to threshold values to limit contamination, while developed countries have generally established more strict requirements [13] . Different countries allow for different antibiotics, and a common issue is lack of communication between importers and exporters when approved antibiotics change. Moreover, the greater degree of control in aquaculture compared to capture fisheries [7] , while not a guarantee of food safety, creates an opportunity for better food safety practices. In summary, there is neither empirical evidence nor a priori theoretical arguments that aquaculture products in general pose disproportionate human health risks that are economically meaningful relative to capture seafood.
Environmental issues
Although increased income opportunities derived from aquaculture production have improved the quality of life for many across the globe [3] Environmental externalities will, to a large extent be a function of the management system they operate under, and partly the production technology used [3] . A number of studies, such as [11] , investigate potential harmful environmental effects. These include: 1) land or water columns converted to aquaculture use, with possible destruction of healthy ecosystems; 2) local environmental damage due to pollution and increased nutrient loading;
3) damage surrounding ecosystems due diseases and escapes; 4) use of inputs from wild fisheries, such as broodstock or feedstock.
As the two most successful aquaculture species in terms of growth in production, salmon and shrimp are also the species that have received most attention with respect to environmental impact [11] . But the issues are pertinent to all aquaculture species with partial exceptions for shellfish. In salmon farming the primary issues have been pollution from organic waste and the interaction between wild and farmed salmon. Pollution from waste is a local externality. The pollution may not directly harm the producer, but producers have incentives to reduce local pollution to the extent that these strategies can be cost reducing. For instance, innovation in feed has lowered costs and reduced the amount of feed waste available to contribute to organic pollution [32, 33] . Another externality cited is that farmed salmon may transmit diseases and parasites to wild salmon. The extent to which these externalities are local is less clear; local wild stocks may be harmed, but there are also concerns about global biodiversity if wild stocks are compromised entirely. Increased number of the sea lice parasite on wild salmon has been associated with escaped farmed salmon. Farmed salmon may also attempt to spawn in rivers and thus may impact the wild salmon genetic pool. Again, producers have economic incentives to mitigate externalities from disease and escapes but not necessarily strong enough incentives to address the problem in a way that is socially optimal. Links between aquaculture feed and overfishing of wild forage fish present another possible global externality, but these links have never been established empirically [12, 34, 35] . Shrimp farming has received even more negative publicity than salmon farming in relation to detrimental environmental effects, such as destruction of mangroves, salination of agricultural areas, eutrophication, and disruptive socio-economic impacts. Most of these issues are local externalities as well. However, the extent to which mangroves contribute to carbon sequestration and provision of other ecosystem services raises the possibility that local impacts in shrimp farming are global externalities.
The environmental issues in intensive salmon and shrimp farming must be seen in relation to the introduction of a new technology that uses the environment as an input. In that sense, the recent environmental record of salmon aquaculture is more relevant for policy than experience in the first few decades of the new technology. In general, the larger the production at any site and the more intensive the process, the larger is the potential for environmental damage. However, the greater degree of control with the production process in intensive aquaculture relative to capture fisheries also makes it easier to address these issues. With all new technologies there will be unexpected side effects, and there will be a time lag from when an issue arises until it can be addressed. First, the impact and the causes must be identified. Second, the solution to the problems will require modifications of existing technology or may necessitate entirely new technology. In both cases, pollution reduction implies some form of induced innovation. In this respect, Tveteras [33] argues that industry growth has a positive effect on pollution (i.e. reducing it), in line with the Environmental Kuznets Curve (EKC). The EKC hypothesis refers to an empirical observation that pollution tends to increase with economic growth up to a certain point, after which growth will reduce pollution. This gives the pollution profile over time the shape of an inverted U. Use of antibiotics in Norwegian aquaculture is a good example, as can be seen in Figure 3 . Producers' incentives drive to reduce costs also creates opportunities to address local (and global) externalities in aquaculture, but these innovations have taken time to unfold.
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Source: [36] There are two main reasons for the industry to address environmental effects: (1) to increase productivity and therefore profits; and (2) to avoid potential government regulations. Detrimental environmental effects of aquaculture not accounted for in market prices are negative externalities. Internalization of the externalities can explain why some of the major environmental issues have been resolved in aquaculture. The arguments go as follows: Production cost and productivity in aquaculture depend on the environment where farmed fish is raised. Fish farms with environmental practices that harm the local environment will experience negative feedback effects from poorer growing conditions that in turn reduces on-farm productivity. The result is reduced biomass growth due to poor fish health and, in the worst case, disease outbreaks that wipe out entire on-farm fish stocks.
Hence, a farmer is concerned with cultivating management practices that avoid such negative repercussions on productivity.
If there is no negative feedback on expected profitability, however, it is unlikely that the industry will internalize detrimental environmental effects. In this case the government must regulate the industry to force the externalities to be internalized in production costs.
The rapid growth of global aquaculture has represented an environmental challenge for authorities. First, knowledge about the environmental effects of aquaculture has been limited, or at worst lacking. This has called for extensive research to identify causes and effects. Second, in many places local governments do not have the resources to implement and enforce regulations. 3 Intensive and particularly large scale intensive aquaculture has a larger potential to give detrimental environmental effects than other technologies. The higher degree of control with the production process does, on the other hand, also give these farmers a better opportunity to also control the negative effects of their production. 4 The core issue for aquaculture and sustainability is whether farmers choose to use sustainable practices. This will primarily be an issue of local regulations and governance, but may also be influenced by consumer initiatives and certifications resulting in ecolabels.
Trade measures may also be used to influence production practices. An immediate challenge with an approach based on trade policy is that different countries have different perspectives on what are good practices, and the line between influencing management in a positive way and using such arguments to enable protectionism is a fine line. In addition, although there is not hard evidence, there is an increasing number of anecdotes suggesting that the world market for many species is already divided in two: One set of "good practice" producers with different forms of certifications such as ISO to ensure quality and possibly also environmental standards to ensure market access to those wealthy countries who care, and a set of "other producers" with lower costs that do not try to meet standards that often are regarded as excessive. As seafood trade between developing countries is increasing [1] , the latter group of producers increases in importance.
With the high share of seafood being traded, trade measures may appear to be an efficient approach to address environmental concerns. However, it is important that measures are targeted at the concerns and the particular producers using back practices.
Otherwise, such trade measures can prevent the economic opportunity that aquaculture is providing for a number of developing countries.
The trade system
As the global trade expands, in part due to the rapid increase in aquaculture production, trade policies are becoming increasingly important. Aquaculture has been important for the increased trade for specific species, for example, salmon, shrimp, tilapia, and catfish. Not surprisingly, a number of trade conflicts and concerns have emerged that involve these species or close market substitutes.
Tariffs
Seafood is classified as an industrial product and not an agricultural product in trade. As a consequence, tariffs are in general much lower than for many other food products. There is tariff escalation to promote processing of seafood in importing countries, particularly on the part of developing countries [13] . When freezing technology became good enough to allow it, these trade barriers have not prevented the development of specialized processing for reexports in third-party countries (Figure 2) . 5 To our knowledge, there is no tariff differentiation between wild and farmed products, although there are rules in some countries that require the consumers to be informed whether the fish is farmed or wild. The revisions of the HS-nomenclature were supposed to allow identification of aquacultured products for at least some countries and species, but this did not happen for the revision that is implemented in 2017 [37] . The next opportunity will be the revisions that will be implemented in 2023. Any trade policies that 5 U.S. and China seafood trade data provide useful illustrations. Among the 2012 top 10 seafood products exported to China from the U.S. (by value) are pink salmon, chum salmon, and sockeye salmon, which are primarily wild-caught in Alaska and the Pacific Northwest. The third largest seafood import to the U.S. from China was salmon frozen filet that does not specify the species. Much of this product is likely of U.S. origin and processed in China, but the data do not allow one to make the connections directly. Also included in the top 20 imported products from China is Atlantic salmon frozen fillet. This product, in contrast, is almost certainly all farmed and produced in a third country (most likely Chile or Norway based on world production).
target specifically either aquacultured fish or wild-caught fish cannot have their intended effect if the HS-nomenclature does not expressly identify seafood trade according to production method. Because farmed and wild fish have many similarities, they are unlikely to be discernible by the average customs agent or consumer. Moreover, some argue that farmed versus wild is a false dichotomy anyway [38] . Thus, strict traceability systems must be in place for trade policies to have targeted effects on production practices. Without traceability, such differentiation will be rife with the same issues that affect tracing illegal, unmanaged and unreported (IUU) fish entering trade, and species mislabeling [39, 40] .
Hence, unless appropriate systems are in place, it is not obvious that a separation between wild and farmed seafood in the HS-nomenclature would lead to welfare-improving trade. It is also possible that such a distinction could lead to increased use of protectionist measures.
Subsidies
Fisheries subsidies around the world have been well studied. Following a World Bank report [41] that estimated that fisheries subsidies made up 30-35% of total cost, there has been significant attention to this issue [42, 43] . Other, researchers have estimated the magnitude of subsidies for particular regions such as the North Atlantic [44] and globally [45] , while subsidies in aquaculture have received limited attention in the literature. However, aquaculture products figure prominently in anti-dumping cases involving seafood, and there is a subsidy element in many of the complaints. For instance, when Norway was found guilty of dumping salmon in the US in 1992 [46] , a part of the complaint involved subsidies. These came in two forms: a regional preference scheme where all companies in the northernmost part of Norway paid a lower payroll tax, and a public rural community bank that provided capital at subsidised cost. There are similar schemes in a number of developed countries, and subsidies for investment and regional development are prevalent, particularly in the EU.
However, most of these countries are large net importers of seafood such that subsidized aquaculture is not a trade issue. Still, these subsidies potentially reduce imports from developing countries.
The prevalence of aquaculture species in anti-dumping conflicts is an indication of the importance of increased aquaculture production in the expanding global seafood trade. 6 That the two most valuable farmed species, salmon and shrimp, show up most often in antidumping cases reinforces this argument, although a number of other species have also been involved in anti-dumping cases. 7 Although such barriers may influence the development of the aquaculture industry in specific countries, it is not clear that they hinder the general trends, as illustrated by Keithly and Poudel [50] for the case of US anti-dumping actions against shrimp, for salmon [51] and catfish [52] . As aquaculture production of new species, and entry to new markets are likely to repeat these patterns, more trade conflicts are likely.
Given that the use of anti-dumping cases has exploded after WTO prohibited tariff increases [53] , it is likely that a large number of these anti-dumping cases related to aquaculture reflects protectionist measures or a repackaging of environmental concerns rather than addressing true trade-based grievances. That Norway and Chile largely where vindicated by WTO-panels after the long series of anti-dumping cases against salmon is one such example.
An interesting case that highlights many complexities of the global seafood trade is the U.S. anti-dumping action against shrimp from China, Vietnam, India, Thailand, Ecuador, and Brazil filed in 2003 [50] . The vast majority of U.S. imports from these countries came from farmed shrimp. As such, an important basis for the case was that international organizations such as the World Bank allegedly subsidized the development of shrimp aquaculture in these countries and conferred an unfair competitive advantage on this growing export industry. Quantitatively assessing this claim is difficult. The production methods of shrimp farming and wild capture shrimp fishing differ dramatically, but to consumers the products are quite similar, especially once processed or frozen. The different production methods make it difficult to compare production costs of imports to the domestic product, which is a standard approach for determining liability in an anti-dumping allegation. The similarity of the product, however, means that farmed shrimp imports compete directly with domestic wild capture shrimp.
This case also presents some interesting equity issues. Suppose an international development organization encourages a country to develop a particular industry. Being successful in developing an export industry, the country could subsequently be punished with an anti-dumping duty, which is legitimated by another international organization, namely the WTO. Given the potential environmental impacts of fish farming, environmental NGOs and development organizations may provide technical support and financial incentives for developing countries to farm fish more sustainably. Will these actions be seen as subsidies and grounds for anti-dumping duties allowed by the WTO?
Non-tariff barriers
Non-tariff barriers are a difficult case because they are often perceived differently by the involved parties. For importing countries, they are perceived as a necessary means to protect public health or to inform consumers. There are several cases that seem to conform to this perspective. Some aquacultured fish from China were found to contain chemicals including malachite green that apparently had been introduced in the feeding process [54] .
However, there are also a number of exporters who think these requirements are a new form of trade barriers. The experiences of Kenyan exporters of Nile perch and Bangladeshi shrimp exporters are examples. For some periods, imports to the EU were terminated by the EU due to food safety concerns. The EU Commission claims that import bans were entirely justified. The same is true for salmon from Norway and pangasius from Vietnam to Russia. In the same way as the majority of anti-dumping cases involving seafood is related to aquaculture, this also seem to be the case for food-safety related non-tariff barriers, although it is very hard to document.
Non-governmental efforts to promote marine conservation
NGOs generally have not been satisfied with the track records of governments, trade policy, international agreements, and international organizations to promote marine conservation.
Overfishing due to open access and the deleterious effects of fishing on marine biodiversity and unique marine habitats persist in many parts of the world, as well as the negative impacts of aquaculture production on surrounding ecosystems. As a result, NGOs have started to advocate for using the market to influence fisheries management and marine conservation and ecosystem health through consumer participation in the market for seafood (as distinct from market-based regulations like catch shares). Some NGOs claim that consumers do not accept the mismanagement of fish stocks or aquaculture's impacts on the environment, and wish to purchase sustainable seafood alternatives. While these approaches do not currently fall into a category of formally recognized non-tariff trade barriers, certification and labelling as required by governments may fall under the TBT agreement of the WTO. An interesting question is to what extent are some of these programs approaching de facto non-tariff barriers?
For example, ecolabeling is one market-based tool, allowing consumers to choose seafood only from well managed fisheries. 8 To strengthen the credibility of ecolabels, these programs often also require third-party certification. The most notable certification body is the Marine Stewardship Council (MSC), which has certified a number of fisheries as meeting their standards for sustainability, and the Aquaculture Stewardship Council (ASC) which is increasing its presence in certification of aquaculture best practices. There are also other ecolabels for farmed fish, for example, the Friend of the Sea and NaturLand are available for both wild and farmed seafood [57] . Economic incentives for ecolabeling include increased opportunities to enter higher-valued markets, and potentially higher ex-vessel prices [58] [59] [60] [61] .
Use of an ecolabel will in most cases also require some form of traceability to ensure that fish with the right to bear an ecolabel is not mixed with non-certified fish in the supply chain. As discussed above, traceability is also a necessary condition for the use of trade policy to facilitate environmental outcomes. What is distinct in the case of ecolabeling is that if the labelled product is sufficiently differentiated to encourage better environmental practices, then only the labelled fish requires traceability. Trade policy, in contrast, would require traceability for all fish, a much higher hurdle.
Developing countries in particular have difficulties in meeting MSC-or ASC-type standards [62] . More recently, in order to meet growing commitments by retailers in developed countries to source only sustainable seafood, fisheries improvement project (FIPs) and aquaculture improvement projects (AIPs) have become increasingly prevalent.
With a goal of putting fisheries or aquaculture on a path to sustainability, possibly leading to certification, FIPs and AIPs use the supply chain to provide incentives for continual improvements [59, 63] . Globally, retailers source seafood based upon criteria that fish come from certified fisheries and aquaculture, or from those engaged in credible FIPs and AIPs [63] .
Such differentiation between 'sustainable' and not --though certification, labelling, or improvement projects --serves to segment the global market. Meeting the standards requires that producers provide information that otherwise might not be provided and carry out costly additions to the production processes they otherwise might not undertake. These burdens make some producers unable or unwilling to meet the standards and therefore further segments the market, reduces trade, or changes the trade patterns. While some standards seem justified, the myriad of requirements that differ across countries creates a barrier for many producers. This is particularly true for producers in developing countries, where limited infrastructure makes it very hard to document the production process even if it is compliant. The problem is particularly acute for ecolabeling, as many developing countries lack the governance structure for their producers to be certified. However, at the other end of the labelling spectrum, it is difficult to draw a clear distinction between a generic brand that focuses on promoting an attribute of the product, and a company brand that promotes certain attributes of the seller. Hence, if one were to implement measures that prohibit some voluntary labels because they are distorting trade, it is difficult to identify the point where labelling should not be allowed without outlawing all labels. In essence, there is a fine line between labelling and branding.
Conclusions and recommendations
One cannot assign causality for the growth of aquaculture to international trade. However, the fact that the global seafood trade continues to grow despite the stagnation of wild harvests is a strong indication that a substantial part of aquaculture is trade driven. As always, this creates winners and losers. Among the losers are local seafood consumers who lose in the competition with the global market, people who lose their livelihoods when aquaculture producers take over communal lands, and producers of other foods in importing countries who cannot compete. In aggregate, societies will be better off with economic growth, although there can be negative distributional consequences.
That aquaculture products are highly traded implies that trade measures theoretically can be effective in changing behaviour for whatever reason they are implemented. The substantial negative environmental impacts that have been documented in a number of cases suggest that trade policy is a tool that should be considered. However, aquaculture is not an inherently unsustainable production process in itself. Many of the sustainability concerns are local externalities, and attempting to regulate these externalities from importing countries arguably impinges on the sovereignty of exporting nations to regulate their own environments. Moreover, empirical examples of other environmental externalities suggest an Environmental Kuznets Curve should apply to aquaculture, and environmental outcomes may eventually improve as economic development progresses. To the extent that aquaculture production affects global public goods such as biodiversity, the use of trade policy brings up important equity considerations. Who should pay to preserve these global public goods? Will tariffs and non-tariff barriers disproportionately impose the incidence on developing countries when the largest share of benefits flow to wealthy, industrialized countries? We do not attempt to answer these questions but raise them as important context for aquaculture and trade policy.
Setting aside issues of sovereignty and equity with respect to global public goods, effective trade policy to address environmental concerns in aquaculture would need to address lack of local management. Unfortunately, production practices differ within country as they do across country and species. Hence, it is hard and most likely impossible to find general measures addressing the specific challenges, and at minimum an extensive and reliable traceability system would be required. The fact that aquaculture is a production technology that primarily is carried out in developing countries adds to the traceability challenges and decreases the likelihood that trade policies would attain their desired outcomes. The rapid growth in production is an indication that it contributes to economic growth and development. Poorly directed trade measures will then primarily contribute more trade barriers and impede economic development in developing countries. The positive health effects of consuming seafood further contribute to the positive effects of increased aquaculture production and trade. Poorly targeted trade policy could then undermine public health by inadvertently decreasing the amount of seafood consumed.
Aquaculture can also have positive environmental effects in a large picture, as higher food production from aquatic environments are likely to reduce pressure on marginal terrestrial lands for food production [64] . If trade measures are to be implemented, they need to focus on specific environmental or management issues. More general measures are, if they are effective, only likely to reduce food production and economic growth in a number of developing countries. 
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